), a complex hybrid of sugarcane (Saccharum spp.), is a product of a long-term recurrent selection program conducted by the United States Sugar Corporation (USSC). Final selection for release was made through the cooperative research of the USDA-ARS, the University of Florida, and the Florida
Sugarcane League, Inc. Collectively this program is referred to as the Canal Point (CP) sugarcane cultivar breeding and selection program (hereafter, CP program) because its base of operations is at Canal Point, FL. CPCL 99-4455 was publicly released in Florida on 15 Dec. 2009. Modern sugarcane cultivars, such as CPCL 99-4455, are allopolyploid (with aneuploidy) hybrids, and in the mainland USA they can be traced back to 17 founder clones (Deren, 1995) . These founders were used in Saccharum offi cinarum × Saccharum spontaneum crosses, and the F 1 hybrids were backcrossed to the S. offi cinarum background to recover the characteristics of high sucrose content and low fi ber content (Roach, 1972; Sreenivasan et al., 1987) . Modern sugarcane cultivars represent advanced generations of long-term breeding that began with these backcrosses.
CPCL 99-4455 was released because of its high commercial recoverable sucrose (CRS) throughout the Florida harvest season, its acceptable cane yields, and its resistance to smut (caused by Ustilago scitaminea Sydow & P. Sydow), brown rust (caused by Puccinia melanocephala H. & P. Sydow), orange rust (caused by Puccinia kuehnii E.J. Butler), leaf scald (caused by Xanthomonas albilineans Ashby, Dowson), and Sugarcane mosaic virus (SCMV) strain E in Florida. The two major soil types on which sugarcane is grown in Florida are muck and sand soils. CPCL 99-4455 was tested on both soil types and will be available to all Florida growers; however, based on its yields, it is expected to be used primarily on muck soils.
While in the USSC program, the group of seedlings from which CPCL 99-4455 was selected was planted on a muck soil at Bourne Farm of the USSC, about 15 km eastnortheast of Canal Point. At that time, the cultivar was known as CL 99-4455 because it was the 455th selection from among 37,260 genotypes planted from true seeds at Bourne in 1999 . (In 1999 the USSC reserved numbers between 4000 and 5000 for seedlings selected at Bourne). "CP" was added to the name in 2004 to indicate that the USSC donated clone CL 99-4455 to the USDA-ARS and that the CP program would subsequently test it for possible release. CPCL 99-4455 was selected from the cross of CL 90-4643 × CP 84-1198 (Glaz et al., 1994) made at Clewiston, FL on 22 Dec. 1998. The female parent, CL 90-4643, had promising yields of cane and sucrose in tests conducted by the USSC, but it was not considered for commercial production because of its susceptibility to SCMV strain E. The male parent, CP 84-1198, is currently a commercial cultivar in Florida and has been grown on 1-5% of the acreage since 1996 (Rice et al., 2009 ) for its moderately high yields of cane and sucrose and good disease resistance. Four genotypes-CL 41-223 (Bourne and Weetman, 1971 ), CP 63-588 (Rice et al., 1969) , CP 70-1133 (Rice et al., 1978) , and CP 72-2086 (Miller et al., 1984 )-that were once major cultivars in Florida are in the lineage of CPCL 99-4455. CP 72-2086 is the only one of these four ancestors currently grown (on limited acreage) in Florida. Brown rust substantially reduced the yields of the former three and contributed to their downfall, and SCMV strain E caused substantial acreage reductions of CP 72-2086.
Methods

Early Selection Stages
Evaluations on CPCL 99-4455 were made in the USSC breeding program until the fi nal stage of selection, when it was donated to USDA-ARS (Table 1) . In the 1998-99 crossing season at the USSC in Clewiston, FL, fl owers from CL 90-4643 and CP 84-1198 were crossed and the resulting F 1 seeds were planted in fl ats in a greenhouse early in 1999. CPCL 99-4455 was one of 37,260 genotypes transplanted to the fi eld in May 1999 on a Pahokee muck soil at the Bourne Farm of the USSC. From this stage on, the USSC program propagated selected genotypes clonally.
Selection of the 37,260 genotypes in the seedling stage was fi rst visual on the fi rst-ratoon regrowth during 7-9 Nov. 2000, and fi nal advancement was based on Brix values (% soluble solids in the extracted juice) measured on the visually selected plants during 17-21 Nov. 2000 . Emphasis in the visual selection was placed on vigor and resistance to diseases (primarily brown rust and smut) by natural infection. Brix measurements were taken with a hand refractometer using juice extracted from the stalk with a hand-punch tool. On 8 Dec. 2000, CPCL 99-4455 was one of 886 genotypes advanced to the unreplicated A-plot stage (fi rst clonal stage) planted at Bourne. Single-row plot length in the unreplicated A-plot stage was 4.5 m. Plots were arranged in sections, two plots in length, such that the back end of the fi rst plot was separated from the front of the second plot by a 1.5-m alley. The back end of the second plot in each section was separated from the front end of the fi rst plot of the next section by a 6.0-m alley. Thus, plots within each section were separated by 1.5-m alleys, and sections were separated by 6.0-m alleys. Row spacing was 3.0 m and adjacent plots were not separated by blank rows.
CPCL Row and plot spacing in the replicated A-plots were similar to those of the unreplicated A-plots except that plots were 6.0 m in length and were replicated twice. Genotypes at each location were the only treatments planted in randomized complete-block designs with two replications. Three reference cultivars, CP 78-1628 ), CP 84-1198 , and CP 89-2143 (Glaz et al., 2000 , were used at both locations. The proprietary USSC cultivar CL 77-0797 was the primary reference cultivar at Ritta, and cultivar CP 73-1547 (Miller et al., 1982) was an additional reference Stage-4 trials were sampled from October through March because that is the commercial harvest period for sugarcane in Florida. Generally, second-ratoon trials were harvested fi rst, followed by fi rst-ratoon and plant-cane trials. For the two experiments planted in 2006, these same procedures were followed 1 yr later. The CRS estimates for all stage-4 locations included estimates of the fi ber content of each genotype.
Sixteen samples of CPCL 99-4455 were processed for analysis of fi ber content. Each sample consisted of three stalks and was collected from a border row (so as not to affect rows used for yield estimation). Leaves were stripped from these stalks, which were then processed through a Jeffco cutter-grinder (Jeffries Brothers, Brisbane, Queensland, Australia). About 200 g of material (fresh bagasse) were collected and weighed, and then the fi ber was analyzed by the press method described by Tanimoto (1964) . Samples of a reference cultivar were analyzed for fi ber content on all dates that fi ber samples of CPCL 99-4455 were processed. All fi ber percentages calculated on a given day were corrected to the historic fi ber percentage of the reference cultivar. For example, the reported fi ber percentage of CP 89-2143 was 9.85%. On days when CP 89-2143 was the reference cultivar, if its estimated fi ber was 10.00% then all estimated fi ber samples of other genotypes were multiplied by 0.985 because 10.00% × 0.985 = 9.85% which would have corrected the fi ber percentage of CP 89-2143 to its reported value. cultivar on the sand soil at Townsite. The fi ve reference cultivars were replicated an average of seven times. Visual ratings were made on growth type. Generally, genotypes with plants that were highly recumbent or uprooted or had protruding buds or many broken stalks were not selected.
Stalks were counted in the replicated A-plots during 21-26 Aug. 2002. In January 2003, 10-stalk samples were collected from each plot and weighed. Cane yield (C) was calculated using the following formula: All stalks were then milled to extract juice from which CRS was determined. Commercial recoverable sucrose, measured as g sucrose kg −1 cane, was calculated according to Legendre (1992) assuming a 10% fi ber for each genotype. The theoretical economic index (EI) was calculated based on a procedure that estimated the profi tability of a cultivar using cane yield, CRS, and costs of harvesting, hauling, and milling the cane . Sucrose yield (S) was calculated as In addition to the cane yield, sucrose yield, CRS, EI, and visual ratings, important selection criteria in the replicated A-plots also included resistance to brown rust, smut, SCMV strain E, and leaf scald.
Yield Trials in Commercial Fields
From the fi rst-ratoon of the replicated A-plots, 31 of the 37,260 genotypes planted as seedlings at Bourne in 1999 were advanced to the screen test (third clonal stage), which was planted at three USSC farms. One screen test was planted at Townsite on a Margate sand soil on 9 Oct. 2003. Of the seven reference cultivars planted in this test, two were USSC proprietary cultivars CL 88-4730 and CL 90-4725; the remaining fi ve cultivars were CP 73-1547, CP 78-1628, CP 80-1743 ), CP 84-1198 , and CP 89-2143 Along with six CP genotypes previously selected by the Canal Point program, 7 of the 19 CPCL genotypes were and CPCL 99-4455 were compared with t-tests. For both soil types, differences were declared signifi cant at P = 0.10. (Table 3) . On sand soils, stalk weights of CP 78-1628 were higher than those of CPCL 99-4455 in the second-ratoon crop and for the mean of all three crop cycles (Table 4 ). However, in the plant-cane and fi rst-ratoon crops, the stalk weights of the two cultivars did not differ signifi cantly. 
Characteristics
Agronomic, Botanical, and Molecular Descriptions
Characterization by Microsatellite Genotyping
Six pairs of microsatellite primers (Table 2) , which had been developed through the International Consortium for Sugarcane Biotechnology (Cordeiro et al., 2003) , were used to generate a genetic fi ngerprint for CPCL 99-4455 according to procedures described by Glynn et al. (2009) . This fi ngerprint was compared with those of cultivars CP 72-2086 , CP 78-1628 , CP 80-1743 , CP 88-1762 (Tai et al., 1997 , and CP 89-2143. These fi ve major commercial cultivars occupied 84.8% of the sugarcane area in Florida in 2008 (Rice et al., 2009 ).
Statistical Analyses
Analyses of the stage-4 tests were done using PROC MIXED of SAS (v9.1, SAS Institute, Cary, NC). Data were analyzed separately for each crop cycle and with the combined data of the plant-cane, fi rst-ratoon, and second-ratoon crops. Analyses within years used a mixed model with genotypes considered as fi xed effects, and locations and replications within locations considered as random effects. Analyses across years used a mixed model with genotypes and crop cycles as fi xed effects, and locations and replications within locations considered as random effects. Differences among the two reference cultivars and CPCL 99-4455 for cane yield, CRS, sucrose yield, and EI, were declared significant by separating least square means with the Diff option in SAS for organic soils. For sand soils, since there was only one reference cultivar, differences between CP 78-1628 signifi cantly. Although released for all soil types in Florida, based on these results on sand soils, it is expected that growers with sand soils will be wary of trying CPCL 99-4455.
In the CP sugarcane cultivar development program in Florida, decisions to advance and commercially release lines in the fi nal three selection stages are made by a committee composed of sugarcane farmers and scientists from the public and private sectors. Members of this committee recommended releasing CPCL 99-4455 in June 2009 because of its high CRS and its acceptable profi le of resistance or tolerance to major and minor sugarcane diseases found in Florida.
Agronomic, Botanical, and Molecular Descriptions
The plants described here were characterized on 5 Aug 2009 at 331 d after planting. Color and other phenotypic expressions of sugarcane cultivars may vary with differences in growth, environment, and cultural conditions without any change in the genotype. Exposed portions of CPCL 99-4455 stalks were mostly green-yellow (2.5 GY 7/8) with small portions having a black wax bloom.
Where covered by the leaf sheath, portions of the stalk had a green yellow ((2.5 GY 8/2) wax bloom; otherwise, the stalk color under the leaf sheath was green-yellow (2.5 GY 8/4). There were no growth cracks on CPCL 99-4455 and CP 89-2143 stalks. The mean stalk height (ground level to top visible dewlap, dewlaps form the hinge of the blade joint in sugarcane) of ten CPCL 99-4455 stalks was 235 cm compared with 264 cm for CP 89-2143 (Table 5 ). The mean internode length of fi ve CPCL 99-4455 stalks at the fi fth internode from the ground was 15.2 cm compared with 14.0 cm for CP 89-2143. The stalk diameter was measured at the middle of the second (low) and fi fth (middle) internodes from the ground as well as at the middle of the hardened internode closest to the top visible dewlap (upper) on fi ve stalks. The mean low, middle, and upper stalk diameters of CPCL 99-4455 were 28.9, 28.4, and 26.2 mm, respectively. These compared with low, middle, and upper CP 89-2143 internode diameters of 31.0, 30.2, and 26.0 mm, respectively.
CPCL 99-4455 exhibited a cylindrically shaped internode and a growth ring with a mean width of 4.4 mm at the fi fth internode from the ground. The root band of CPCL 99-4455 was 9.2 mm wide and had primordia with diameters ranging from 1.8 to 5.3 mm. Occasionally, the internodes of CPCL 99-4455 had shallow bud furrows. CP 89-2143 did not exhibit bud furrows. The buds of CPCL 99-4455 and CP 89-2143 were yellow (5 Y 8/4). The buds of both cultivars were raised above the surface of the root band and exhibited a shape described by Artschwager and Brandes (1958) : round with the central germ pore at the fi fth internode from the ground. The means of the length and width of the fi fth bud from the bottom from fi ve stalks of CPCL 99-4455 were 8.4 and 8.1 mm, respectively. The mean length and mean width of CP 89-2143 buds were 6.7 and 6.6 mm, respectively. Neither cultivar exhibited pubescence on its buds.
On muck soils, the cane and sucrose yields of CPCL 99-4455, CP 72-2086, and CP 89-2143 were similar except that the cane yield of CP 72-2086 was low in the secondratoon crop, and its sucrose yields were low in both ratoon crops (Table 3) . However, even though the CRS values all of three lines were similar in the plant-cane crop, the CRS values of CPCL 99-4455 were higher than those of CP 72-2086 and CP 89-2143 in both ratoon crops and for the mean of all three crop cycles. CPCL 99-4455 had the highest EI in the fi rst-ratoon crop, and its EIs in the secondratoon crop and for the mean of all three crop cycles were higher than those of CP 72-2086. Except for its higher EI in the fi rst-ratoon crop, CPCL 99-4455 and CP 89-2143 had similar EIs.
On sand soils, the cane yield, sucrose yield, and EI of CPCL 99-4455 in the plant-cane crop did not differ significantly from those of CP 78-1628 (Table 4) . However, in all other comparisons between these two cultivars for these traits, the values of CP 78-1628 were higher than those of CPCL 99-4455. The CRS values of CPCL 99-4455 were higher than those of CP 78-1628 in the second-ratoon crop; otherwise, the CRS values of these two cultivars did not differ In CPCL 99-4455, the six microsatellite primer pairs amplifi ed 35 fragments, ranging from 105 to 258 base pairs ( Table 2 ). The number of fragments amplifi ed by each primer pair ranged from 5 to 13. Of the 35 fragments amplifi ed, 22 were polymorphic and 13 monomorphic. CPCL 99-4455 shared 21 fragments with CP 78-1628, 24 with CP 72-2086, 22 with CP 89-2143, 26 with CP 80-1743, and 27 with CP 88-1762. Among the genotypes examined, there were 3 fragments unique to CPCL 99-4455. These 3 fragments were identifi ed in the fi ngerprints obtained using primer pairs SMC221MS, SMC1493CL, and mSSCIR53.
Disease Reactions
Screening of CPCL 99-4455 was conducted by inoculation testing and/or monitoring for natural infection to smut, leaf scald, brown rust, SCMV strain E, and Sugarcane yellow leaf virus (Table 6) .
Based on evaluations of natural infection, CPCL 99-4455 was determined to be resistant (rating = 0) to the brown and orange rust pathogens. The rating scale of infection responses in these evaluations consisted of fi ve classesresistant, moderately resistant, moderately susceptible, susceptible, and highly susceptible-determined primarily on the bases of size and number of uredia. Based on natural infection symptoms observed, CPCL 99-4455 was classifi ed as susceptible to Sugarcane yellow leaf virus, as are most other CP genotypes and commercial sugarcane cultivars in Florida (Comstock et al., 1999) .
The canopies of CPCL 99-4455 and CP 89-2143 were compact and erect with drooping tips. The mean leaf-blade length and width of CPCL 99-4455 at the top visible dewlap were 163.3 and 5.6 cm, respectively, compared with means for CP 89-2143 of 167.1 and 4.3 cm, respectively. The leaf sheaths of CPCL 99-4455 had short, sparse pubescence in their center regions and were green-yellow (2.5 GY 6/4). The mean width of the midrib of CPCL 99-4455 at the widest part of the leaf at the top visible dewlap was 9.2 mm on the adaxial side. This compared with a mean midrib width of 8.8 mm on CP 89-2143 leaves. The midrib of CPCL 99-4455 was green-yellow (2.5 GY 7/6) on the abaxial side and white on the adaxial side.
Dewlaps on the upper leaves of mature CPCL 99-4455 plants were green-yellow (5 GY 5/4), and their shape was squarish deltoid, according to the terminology of Artschwager and Brandes (1958) . The shape of the dewlap of CP 89-2143 was double crescent deltoid. CPCL 99-4455 had alternating short and long auricles on each side of the leaf sheath. Short auricles had a deltoid shape bending toward the leaf, and the long auricles had a long lanceolate shape. The auricles of CP 89-2143 were deltoid and were present only on one side of the leaf sheath. The mean lengths of the short and long auricles, measured four nodes below the top visible dewlap, for CPCL 99-4455 were 14.2 and 24.8 mm, respectively, and these compared with mean lengths of 7.6 mm each for CP 89-2143. The ligules of CPCL 99-4455 were broad crescent compared with those of CP 89-2143, which were crescent with lozenge. In the leaf scald inoculation tests, CPCL 99-4455 was compared with CP 80-1743, which is considered to be at the upper end of susceptibility levels to leaf scald that is acceptable for commercial production in Florida. (Miller et al., 1981) . However, ratoon stunt can be controlled by the use of noninfected planting material. When the disease is not controlled, Dean and Davis (1990) reported that ratoon stunt caused 5% reductions in sucrose yields in Florida. Comstock (2008) reported that ratoon stunt infections in the plant-cane and fi rst-ratoon crops reduced the stalk number, cane yield, and sucrose yield. The reductions were not always signifi cant when compared with healthy plants, but the trends were consistent. CPCL 99-4455 was considered as susceptible to ratoon stunt based on 30.5 and 53.8% compared with 4.7 and 22.7% colonized vascular bundles for CP 72-1210 in 2005 and 2006, respectively. The reaction to ratoon stunt of CPCL 99-4455 stalks in stage 4 was not monitored. However, because yield losses to ratoon stunt are greater when water availability is not optimum and because CPCL 99-4455 had a low cane yield in the fi rst-ratoon crop on sand soils and a particularly low cane yield in the second-ratoon crop on sand soils (Table 4) , growers should benefi t by planting CPCL 99-4455 stalks that are free of ratoon stunt. 
